Abstract Osteolytic disorders cause serious problems for quality of life with aging. Osteolysis is performed by osteoclasts of the hematopoietic lineage that share some characteristics with monocytes and macrophages. As osteoclast precursors (pOCs) are present in peripheral blood, their characterization in osteolytic diseases may help us to understand risk factors. Although essential factors for osteoclastogenesis have been reported, the effective induction from pOCs in human peripheral blood mononuclear cells (PBMCs) to mature osteoclasts in culture requires further improvement. The aim of this study was development of an efficient culture system for human osteoclastogenesis and providing a simple system for the enrichment of pOCs from PBMCs. We employed coculturing of human PBMCs with a mouse stromal cell line. Significant numbers of tartrate-resistant acid phosphatase-positive (TRAP ? ) multinucleated osteoclasts (MNCs), which could resorb dentine slices, were efficiently induced in this culture condition. pOCs were enriched in an anti-CD16 antibody column-passed anti-CD14 antibodybound cell population isolated by magnetic cell sorting. We compared the percentage of the CD14 high CD16 dull cell population, which mainly contained pOCs in PBMCs, from age-matched patients with rheumatoid arthritis (RA) and osteoporosis (OP), but it was comparable. However, the mean number of TRAP ? MNCs generated in cultures from PBMCs of RA was higher. In contrast, the frequency of pOCs in PBMCs from OP was relatively higher. These results suggest the characteristics of pOCs from RA and OP may be different, because single pOCs from OP gave rise to lower numbers of osteoclasts than those from RA.
Introduction
Rheumatoid arthritis (RA) and osteoporosis (OP) cause bone loss, resulting in serious problems for the quality of life with aging [1] [2] [3] [4] . RA is a chronic systemic inflammatory disorder with an unknown etiology characterized by invasive synovial hyperplasia leading to progressive joint destruction. Radiographic studies have shown that bone erosion in RA begins at an early stage of the disease and gradually or rapidly exacerbates. Bone erosion results in severe deformities of the affected joints and impairs normal activity and quality of life [5, 6] .
Osteoporosis is a skeletal disorder characterized by low bone mass and loss of bone tissue integrity that causes weak and fragile bones. Although the exact etiology of osteoporosis remains unknown, it is now widely accepted that the normal balance between bone formation and bone resorption is impaired in osteoporotic patients. The primary cause of postmenopausal osteoporosis is estrogen deficiency, and bone destruction takes place at a faster rate after menopause [4] . Recent evidence has shown that bone remodeling rates were increased in postmenopausal women and osteoporotic patients [7] . The regulation leans toward bone resorption compared to osteogenesis, although these osteolytic disorders might be induced by different mechanisms [1, 4] .
Osteoclasts are in the hematopoietic lineage, sharing some characteristics with monocytes and macrophages, and perform bone resorption and remodeling [8, 9] . Osteoclasts function only in bone tissues; however, osteoclast precursors (pOCs) are also present in peripheral blood [10] . Recently, it has been reported that macrophage-colony stimulating factor (M-CSF) [11] and receptor activator of nuclear factor (NF)-kappa B (RANK) ligand (RANKL) [12, 13] are essential factors for osteoclastogenesis. RANKL is expressed mainly as a membrane-bound form on osteoblasts and induces the signaling essential for precursor cells to differentiate into osteoclasts, whereas M-CSF, secreted by osteoblasts, provides the survival signal to these cells [14, 15] . Therefore, the upregulation of their production and the reduction of a decoy receptor of RANKL, named osteoprotegerin (OPG), are critical for bone disorders [16, 17] .
In RA patients, inflammation-induced bone loss is thought to result from increased activity of bone-resorbing osteoclasts [3, 18] . Synovial fibroblasts, activated T lymphocytes, and/or dendritic cells aberrantly produce RANKL, which triggers bone destruction in RA [3, 19] . Increased bone resorption is observed after estrogen withdrawal. It is well documented in menopausal women with OP that estrogen is involved in RANKL production and that reduction of estrogen causes OP [4, 20] . Therefore, studies of these diseases have focused on this factor [14, 21] .
If the characteristics of pOCs in peripheral blood influence these diseases and indicate the pathological hallmarks of each disease, investigation of these factors may help us to understand risk factors of osteolytic disorders. In a mouse culture system, sufficient osteoclast development is induced by only M-CSF and RANKL [11] [12] [13] 22] ; however, the efficient induction of pOCs in human peripheral blood mononuclear cells (PBMCs) to form mature osteoclasts in culture needs to be improved because many references showed that 10-20 times as many PBMCs as in this study were needed for the induction of mature osteoclasts from PBMCs [23, 24] .
In this study, to develop an efficient culture system for human osteoclastogenesis, we employed a coculture system of human PBMCs with the mouse bone marrow (BM)-derived ST2 stromal cell line, which is available worldwide and can also be purchased [25] . These stromal  cells are known to produce M-CSF continuously, and  dexamethasone  and  1a,25-dihydroxyvitamin  D 3  [1a,25(OH) 2 D 3 ] regulate the production of RANKL and the reduction of OPG [13, 26] . Osteoclast development from human PBMCs required not only coculturing with ST2 stromal cells but also the addition of human RANKL and M-CSF. Therefore, the efficient induction of osteoclasts from pOCs in human PBMCs by using this culture system may be accounted for by their presence as well as by molecule(s) other than M-CSF, RANKL, or OPG, expressed in ST2 stromal cells [27, 28] .
To enrich pOCs from human PBMCs, we selected two cell-surface molecules: CD14, a receptor for complexes of lipopolysaccharide (LPS) and LPS-binding protein [29, 30] , and CD16, a granulocyte marker, which is the lowaffinity receptor for the Fc region of IgG [31] . pOCs were enriched in the anti-CD16 antibody column-passed (CD16-passed) anti-CD14 antibody-bound (CD14-bound) cell population by magnetic cell sorting [32, 33] . Using this culture system, the osteoclastogenesis of PBMCs from agematched patients carrying rheumatoid arthritis (RA) and osteoporosis (OP) was compared.
Materials and methods
Reagents 1a,25(OH) 2 D 3 (BIOMOL Research Laboratories, Plymouth Meeting, PA, USA), Dexamethasone (Sigma Chemical, St Louis, MO, USA), and recombinant human soluble RANKL (sRANKL; Pepro-Tech EC, London, UK) were purchased. Recombinant human M-CSF was a kind gift from Dr. M. Takahashi (Otsuka Pharmaceutical, Tokushima, Japan). Microbead-conjugated monoclonal mouse antihuman CD14, and rat antimouse IgG1 antibodies, were purchased from Miltenyi Biotec (Bergisch Gladbach, Germany). Monoclonal mouse fluorescein isothiocyanate (FITC)-conjugated antihuman CD14 (CLB-Mon/1) and phycoerythrin (PE)-conjugated antihuman CD16 (3G8) antibodies were purchased from Nichirei (Tokyo, Japan).
Cells were cultured in alpha-minimal essential medium (a-MEM; Gibco-BRL, Grand Island, NY, USA) containing 10% fetal bovine serum (FBS; Tace Scientific, Melbourne, Australia), 50 U/ml streptomycin, and 50 lg/ml penicillin (Meiji, Tokyo, Japan) (10% FBS/a-MEM) with or without 10 -8 M 1a,25(OH) 2 D 3 and 10 -7 M dexamethasone. The numbers of TRAP ? MNCs were expressed as the mean ± SD of triplicate cultures. A mouse BM-derived stromal cell line ST2 was maintained in RPMI-1640 (Gibco-BRL) supplemented with 5% FBS, 50 lM 2-mercaptoethanol (Wako Pure Chemical Industries, Osaka, Japan), streptomycin, and penicillin [25] . One day before responder cells were added, ST2 cells were harvested by treatment with 0.05% trypsin/0.54 mM ethylenediaminetetraacetic acid (EDTA) (Gibco-BRL) for 5 min and plated into a 24-well plate (Corning Costar, Corning, NY, USA) at 37°C with 5% CO 2 in a humidified incubator.
Patients and healthy controls
Human peripheral blood was collected from RA patients (n = 9, 55-78 years of age; mean age 63.4 ± 8.8 years) and OP patients (n = 14, 57-77 years of age; mean age 66.4 ± 6.3 years) diagnosed according to the criteria of the American College of Rheumatology (ACR) and the Japanese Society for Bone and Mineral Research (JSBMR), respectively. As controls, peripheral blood was collected from healthy controls (HC) (n = 10, 60-79 years of age; mean age 67.6 ± 5.6 years). All patients and healthy controls were women. All participants gave written informed consent to participate in this study, and the Tottori University Faculty of Medicine Review Board for Research Involving Human Subjects at each study site approved the protocol.
Most of the RA patients were receiving nonsteroidal antiinflammatory drugs (NSAIDs) and disease-modifying antirheumatic drugs (DMARDs). None of the RA patients had been receiving steroids or methotrexates for a half year. Most of the OP patients were receiving calcium and/ or vitamin D supplements, but none of them had been receiving bisphosphonates for the previous half year. All clinical and biochemical data measured by routine techniques were obtained from hospital clinical laboratories.
Cell preparation
To assess the culture condition for the osteoclastogenesis from PBMCs, blood samples were prepared from five healthy male volunteers (21-35 years old) in our laboratory. Heparinized human peripheral blood (10 ml) was diluted 1:1 in phosphate-buffered saline (PBS), layered on Ficoll-paque Plus (Amersham Biosciences, Tokyo, Japan), and centrifuged at 176g for 20 min at 4°C. The PBMC layer was collected and washed twice in 10 vol PBS. In preparation of PBMCs, when red blood cells (RBCs) still remained in fractionated cells, we treated them with Trisbuffered NH 4 Cl solution for lysis of RBCs. Cells were resuspended in 10% FBS/a-MEM.
To enrich CD14 ? cells from PBMCs, antihuman CD14 antibody-conjugated MACS microbeads (20 ll) were added to 10 7 PBMCs in 80 ll PBS containing 0.5% bovine serum albumin and 2 mM EDTA (pH 7.2, washing buffer) and incubated for 15 min at 6°C. PBMCs were then washed with 10 vol washing buffer and resuspended in 500 ll washing buffer. The cell suspension was applied to a mass spectroscopy (MS) positive-selection column on a magnetic separator (Miltenyi Biotec). CD14
? cell-enriched (CD14-bound) and CD14 -cell-enriched (CD14-passed) PBMCs were collected according to the manufacturer's instructions. CD14-bound cells were used in experiments for improvement of the culture system for human osteoclastogenesis and osteoclast development from PBMCs from the three groups. For further investigation of pOCs, in the experiment for enrichment and characterization of circulating human pOCs from the three groups, magnetic cell sorting by anti-CD16 and bead-conjugated antimouse IgG1 antibodies was performed before that by the anti-CD14 antibodies. Cells were stained with FITC-conjugated anti-CD14 and PE-conjugated anti-CD16, and were analyzed using an EPICS XL flow cytometer (Coulter Electronics, Hialeah, FL, USA).
Induction of osteoclasts and pit formation assay PBMCs or CD14
? cell-enriched PBMCs (5 9 10 4 /well) from three groups (RA, OP, and HC) were cultured on an ST2 cell layer in 24-well tissue culture plates containing 1 ml 10% FBS/a-MEM with or without 10
-7 M dexamethasone, 50 ng/ml human M-CSF, and 25 ng/ml human sRANKL for 14 days. Cultures were fed every 3-4 days by replacing spent medium with fresh medium. After cultivation for 14 days, histochemical staining for tartrate-resistant acid phosphatase (TRAP) was carried out and TRAP ? multinucleated cells (MNCs; more than three nuclei) were counted by light microscopy as osteoclasts [34] .
For the analysis of pit formation, cells were cultured on 6-mm-diameter dentine slices (a gift from Dr. N. Udagawa, Matsumoto Dental University) in 96-well tissue culture plates (Corning Costar) for 21 days. The cells were removed from the dentine slices with 2 N NaOH, and then the pits formed on the dentine slices were visualized by staining with Coomassie brilliant blue R250 (Wako) [35] .
Frequency analysis of pOCs in PBMCs
The frequency of pOCs in human PBMCs was determined by a limiting dilution assay based on the conditions described previously [36] . Various numbers of PBMCs were inoculated into wells of 96-well plates pre-seeded with ST2 cells and were cultured for 21 days in the presence of human M-CSF, sRANKL, 1a,25(OH) 2 D 3 , and dexamethasone. Culture wells with pOCs present were determined by TRAP staining. Regardless of whether cells were mononuclear or multinuclear, we decided that the wells where TRAP ? cells were detected were pOC positive.
Reverse transcription-polymerase chain reaction (RT-PCR) analysis
To determine the expression of human TRAP (encoded by ACP6), human CD51/av integrin (ITGAV), and human bactin (ACTB) genes, RT-PCR was performed [37] [38] [39] . Total RNA was isolated using Isogen (Nippon Gene, Toyama, Japan) and reverse transcribed using Reverse TraAce (Toyobo, Osaka, Japan). The DNA fragments were amplified from the mouse cDNAs by PCR. Hot-lid PCR amplification of cDNA equivalent to 50 ng (ACP6 and ITGAV) and 25 ng (ACTB) of total RNA was carried out in 19 PCR buffer (1.5 mM MgCl 2 ) containing 0.2 mM dNTPs (Takara, Shiga, Japan), 0.75 U rTaq DNA polymerase (Toyobo), and primers were used at 1.2 lM. Amplifications were carried out on DNA thermal cyclers (MJ Research, Watertown, MA, USA). Following an initial 3 min denaturing step (94°C), each PCR cycle consisted of 1 min denaturing (94°C), 1 min annealing (55°C for IT-GAV, 58°C for ACTB, or 60°C for ACP6), and 1 min elongation (72°C). After the final cycle, the reaction was held for 3 min at 72°C. The PCR products were then separated on a 2% agarose gel, stained with ethidium bromide, and photographed. The primers used here were as follows: ACP6, 
Statistical analysis
All experimental results were expressed as means ± SD of triplicate cultures. Fisher's protected least significant difference procedure was performed after a repeated measures analysis of variance (ANOVA) for the comparison between groups. Statistical analysis was performed using Stat View software (Version 5.0; SAS Institute, Cary, NC, USA). A P value less than 0.05 was considered significant.
Results

Improvement of the culture system for human osteoclastogenesis
Osteoclastogenesis from healthy human PBMCs was induced by human M-CSF (50 ng/ml) and human sRANKL (25 ng/ml) for 14 days; however, efficient induction was not observed (Fig. 1a, left) . To improve the culture system, a mouse stromal cell line, ST2, was used as a feeder cell layer. ST2 stromal cells are known to produce M-CSF continuously, and to induce RANKL production and reduce OPG production by addition of dexamethasone and 1a,25(OH) 2 D 3 [13] . Human PBMCs cocultured with ST2 cells did not efficiently develop osteoclasts with or without human sRANKL (Fig. 1a, left) . Although we added 10 -7 M dexamethasone and 10 -8 M 1a,25(OH) 2 D 3 in the presence of human M-CSF, osteoclastogenesis was not accelerated. When PBMCs were cultured on ST2 cell layers with both human M-CSF and sRANKL, significant numbers of TRAP ? MNCs were generated with or without dexamethasone and 1a,25(OH) 2 D 3 (Fig. 1a, left) . The developed TRAP
? MNCs resorbed dentine slices and formed pits (Fig. 1b, c) . When mouse BM cells were used as pOCs, significant numbers of TRAP ? MNCs developed in the presence of human M-CSF and human sRANKL, or of cocultures with ST2 cells supplemented with dexamethasone and 1a,25(OH) 2 D 3 (data not shown).
To assess the expression of other markers for the osteoclast lineage, RT-PCR was performed, and detected the gene expression of human TRAP (ACP6), and CD51/av integrin (ITGAV) (Fig. 1d) ? cell-enriched population, which contained less than 2.4% of CD4
? or CD8 ? cells, efficiently differentiated into osteoclasts, meaning that immune responses to mouse antigens probably did not play a major role in this osteoclastogenesis. Whole PBMCs contained more T and B cells than the CD14
? cell-enriched population. However, the following experiments mainly used this coculture system with dexamethasone and 1a,25(OH) 2 D 3 unless otherwise indicated, because these reagents are also known to be immunosuppressants [40] .
As the aim of this study was to produce a simple system for the enrichment of pOCs, we prepared cell populations only by using the MACS system. To characterize CD14
? populations in PBMCs, we performed magnetic bead-cell sorting by using anti-CD14 antibody. Anti-CD14 antibodycolumn bound (CD14-bound) and -passed (CD14-passed) populations were further stained with FITC-anti-CD14 and PE-anti-CD16 antibodies and analyzed by a flow cytometer. CD14-bound cells mainly consisted of two populations, CD14 high CD16 dull and CD14 low CD16 high (Fig. 2a) . Therefore, PBMCs from young volunteers were purified with the depletion of CD16
? cells before selection of CD14
? cells by MACS (Fig. 2b) . To assess the purity, flow cytometry analysis was carried out, and each fractionated cell population was cultured on ST2 stromal cells with human M-CSF, human sRANKL, dexamethasone, and 1a,25(OH) 2 D 3 for 14 days. The majority of osteoclasts were generated from the CD16-passed CD14-bound fraction (Fig. 2c) . This fraction consisted mainly of CD14 high CD16 dull monocyte-like cells (Fig. 2b, bottom) . The CD16-passed CD14-passed PBMC fraction consisted of lymphocytes, and the CD16-bound PBMC fraction consisted of granulocytes (Fig. 2b, bot 
CD14
? cells only resorbed dentine slices and formed pits (data not shown).
Presence of comparable cell populations in RA and OP PBMCs
As shown in Fig. 2 , pOCs were enriched in the CD16-passed CD14-bound fraction. To characterize PBMCs from age matched RA (n = 9), OP (n = 14), and HC (n = 10) individuals, flow cytometry analysis was performed by indicating the expression of CD14 and CD16. The ratio of the CD14
? (Table 1 Osteoclast development from PBMCs in OP, RA, and HC individuals To assess the relationship of two bone diseases, RA (n = 9) and OP (n = 14) with pOCs in PBMCs, we cultured PBMCs (5 9 10 4 /well) from OP and RA patients on ST2 stromal cells with human M-CSF, human sRANKL, dexamethasone, and 1a,25(OH) 2 D 3 for 14 days. PBMCs from HC (n = 10) were used as a control. The mean number of TRAP ? MNCs from RA patient cultures seemed higher than those from OP or HC cultures ( Table 2, 
TRAP
? MNCs than those from HC cultures ( Table 2 , 1st line). However, a variety of results from patient to patient were obtained, and therefore statistically significant differences between RA and HC (P = 0.070) and between OP and HC (P = 0.679) groups were not present. Only the difference between the RA and OP groups was significant (P = 0.019).
Using a limiting dilution assay [36] , we assessed the frequency of pOCs in PBMCs. The presence of pOCs in the well was indicated by the generation of TRAP ? cells regardless of mononuclear or multinuclear cells in the 14-day cultures. The means of the frequencies were higher in OP than in RA or HC patients; however, there were no significant differences among the three groups (see Table 2 ). To assess the relationship of osteoclast generation and frequency of pOCs, the numbers of TRAP
?
MNCs generated in the cultures were divided by the cultured cell number (5 9 10 4 /well) and the frequency. These results suggested that OP patients increased the number of pOCs in PBMCs (Table 2 , third line), but their single pOCs might give rise to lower numbers of osteoclasts than pOCs in PBMCs of RA and HC patients, although a significant difference was not present with the RA group ( Table 2 , bottom line). Furthermore, we observed that PBMCs from RA patients gave rise to more TRAP ? MNCs than those from OP patients, although a significant difference was only observed between RA and OP patients ( Table 2 , first line). We also found the frequency of pOCs in PBMCs and calculated the number of osteoclasts from single pOCs. The frequency of PBMCs from RA and OP patients appeared PBMCs peripheral blood mononuclear cells a CD14 ? cells are inside the green square in Fig. 2b , left-middle profile b CD14 high cells are inside the yellow square in Fig. 2b , left-middle profile c CD16 ? cells are inside the red square in Fig. 2b , left-middle profile d CD16 high cells are inside the blue square in Fig. 2b , left-middle profile higher than that from HC patients; however, significant differences were not observed (see Table 2 , second line).
Discussion
In this study, we developed a culture system for osteoclastogenesis from human PBMCs. Employing coculture with a mouse stromal cell line ST2, osteoclast development could be induced efficiently. CD14 ? cell enrichment from PBMCs by using magnetic cell sorting further accelerated osteoclastogenesis. In this culture system, we compared the characteristics of RA and OP PBMCs, and observed that pOCs in PBMCs might be not identical in each disease.
There have been many reports of induction of TRAP
?
MNCs in cultures from PBMCs [41, 42] . However, the induction from human PBMCs was not effective compared with that from mouse samples. Here, we showed the coculture system of human PBMCs with mouse ST2 cells supplemented with human M-CSF and sRANKL, dexamethasone, and 1a,25(OH) 2 D 3 effectively induced osteoclastogenesis. Our culture system employed lower numbers of cells in cultures compared with previous reports. In this condition, only M-CSF and RANKL might not be sufficient for inducing osteoclastogenesis from PBMCs. Because our focus is also counting pOCs, including for frequency analysis, our system was adjusted for low numbers (5 9 10 4 cells/well in our cultures; 50-100 9 10 4 cells/well in standard cultures). Concentration of M-CSF and RANKL in our cultures is lower than in standard cultures (e.g., M-CSF 100 ng/ml and RANKL 100 ng/ml); however, low numbers of cells in a higher volume of medium and larger-sized wells (24 well plates) seem to induce more precise numbers of osteoclastogenesis from pOCs than those in standard cultures. We have experienced that numbers of TRAP ? MNCs generated in cultures were not linearly increased over numbers of cells added in cultures, especially when large numbers of cells were cultured.
Interestingly, the effect of ST2 cells on human osteoclast development might not result from the production of mouse M-CSF or RANKL, but the expression of other molecule(s) on the stromal cells. In fact, the large numbers ([500) of TRAP ? MNCs, including more than 60 cells with more than ten nuclei, were induced from mouse BM cells (1 9 10 4 /well) by 50 ng/ml human M-CSF and 25 ng/ml human sRANKL for 7 days culture. The osteoclastogenesis from mouse BM cells induced by 50 ng/ml human M-CSF and 25 ng/ml human sRANKL was completely inhibited by the addition of 100 ng/ml human OPG, but was not inhibited by the same dose of mouse OPG (data not shown), suggesting that other molecule(s) on ST2 cells might play an important role in this augmentation. As the results were very interesting but the reason remained unsolved, we will continue to assess the problem.
The candidates supplied from ST2 cells may contain adhesion molecules directed to integrin avb3 on pOCs and/ or signals to FcRc or DAP12 [43] [44] [45] . Enrichment of CD14
? cells increased osteoclastogenesis, indicating that immune reactions might not be involved in this response, although human responder cells were cocultured with xenogeneic stromal cells in vitro. ST2 cells are well known BM-derived pre-adipocytic cells, which are distributed worldwide and can be purchased from RIKEN Cell Bank (Tsukuba, Japan) [25] . Experiments using individual human osteoblast-like cells have to consider the different influences from each stromal cell. Therefore, ST2 cells enable us to supply relatively constant conditions and assess the differences in pOC characteristics in each osteolytic disorder. Samples were prepared from the same individuals (HC n = 10; RA n = 9; OP n = 14) as in Table 1 TRAP tartrate-resistant acid phosphatase positive; pOCs osteoclast precursors; MNCs multinucleated osteoclasts a 5 9 10 4 PBMCs were cultured on ST2 cells with human macrophage-colony stimulating factor (M-CSF), human receptor activator of nuclear factor (NF)-kappa B ligand (sRANKL), dexamethasone, and 1a, 25- The aim of this study was development of an efficient culture system for human osteoclastogenesis and providing a simple system for the enrichment of pOCs. Therefore, we employed the MACS system for cell preparations as previously reported by Komano et al. [33] . PBMCs contained two CD14
? cell populations, CD14 high CD16 dull cells and CD14 low CD16 high cells, and pOCs were enriched in the CD14 high CD16 dull cell population, which mainly consisted of monocytes (see Fig. 2 ). Although in a recent study it appeared that the number of CD14
? CD16 ? monocytes increased in a host of inflammatory and infectious diseases in humans, our study showed that RA and OP patients did not increase the number or the ratio of this CD14 high CD16
dull cell fraction compared with healthy donors (see Table 1 ) [46] .
We induced the TRAP ? MNCs from PBMCs under these culture conditions, and observed that PBMCs from RA patients gave rise to more TRAP ? MNCs than those from OP patients, although a significant difference was only observed between RA and OP patients (see Table 2 ). We also assessed the frequency of pOCs in PBMCs and calculated the number of osteoclasts from single pOCs. The frequency of PBMCs from RA and OP patients seemed higher than that from HC patients; however, significant differences were not observed. Compared with RA and HC groups, single pOCs in the OP group might give rise to lower numbers of TRAP ? MNCs (see Table 2 ), resulting in lower numbers of TRAP ? MNCs in the culture. Both RA and postmenopausal OP cause bone loss. However, each state may have a different route to develop into osteoporosis, which may mean that the capacity of differentiation and proliferation of pOCs in OP patients is not identical to that in HC or RA patients. Although recent studies showed that osteoclast differentiation, function, and survival were strongly influenced by local inflammatory cytokines and growth factors produced at sites of joint inflammation, in this study we propose that the osteoclast precursors themselves in RA were different from those in OP and HC. These different processes resulting in activated osteoclasts may make it difficult to investigate osteoporosis. It is important to determine the activities of mature osteoclasts generated from peripheral blood mononuclear cells by a pit assay. However, the aim of this study was to examine the capacity of differentiation and proliferation in osteoclast precursors.
It is still not clear why numbers of TRAP ? MNCs made an enormous difference between PBMCs and the CD14
? -enriched fraction (see Fig. 1 ), although one-fourth to onethird of PBMCs were CD14
? cells, and we showed data of maximal responses examined in this study. This finding may mean that fractionation by using magnetic beads not only enriched CD14
? cells, but also removed CD14 -cell fractions that inhibit osteoclastogenesis.
In conclusion, we developed a novel culture system for osteoclastogenesis from human PBMCs and observed that the numbers of mature OCs from single pOCs in the OP group were lower than in the RA group. The characteristics of pOCs may differ between RA and OP. Further investigation of this process will accelerate the analysis of the pathology of osteoporosis and the development of preventative therapies and treatments.
